Metal matrix composites (MMCs) reinforced with short ceramic fibres (e.g. carbon or AIZ03 fibres) or with other metals (such as e.g., W) show numerous advantages since their properties can be programmed by modifying appropriately their composition and technology. A point of considerable importance is the possibility ofjoining the composites with metals or their alloys. The major problem here is to choose the appropriate joining technique, such that ensures the formation of a high quality joint resistant to the service conditions, avoids the degradation of the composite microstructure, in particular of the interface layer between the matrix and the reinforcement, and, still, is not expensive [1] .
as to take into account their possible application. Several different joining techniques were examined.
This paper discusses the results obtained when using diffusion bonding and vacuum brazing. It has been found that both the proposed techniques can be used to advantage for joining the investigated composites. It should however be remembered that the optimum techniques are those which do not degrade the composite microstructure, and this depends on both the technique employed and the chemical composition of the composites to be joined.
EXPERll"ENTAL PROCEDURE MATERIALS
The materials used for the experiments were: • 6061AI-based materials containing 15vol% of 8-alumina fibres. The 606lAl alloy was of the following composition (by weight): 1% Mg, 0.6% S~0.25% Cu, 0.25% Cr, AI -balance [5] . The 8 -AI203 fibres were 1.5 -6 urn in diam. and 25 um in length.
The composites were manufactured by direct hot extrusion [3] .
• CuCrl-based materials containing 2Ovol % of'Cj. These composites were manufactured by volumetric bonding. The process parameters are given in Fig. 1 . The properties of carbon fibres are given [2] . The fibres were 1-2mm long and 7 urn in diameter. The grain size of the CuCr powder ranged from 40 to 120 urn [2] .
• CuZr I-based materials containing 20vol% of Cf. 
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. pressure 600 1000 rt"cj were identical to those given above for the Cuf'rl-Cj-composites [2] • Cu-based materials with 1Ovol % of dispersed tungsten powder. These composites were manufactured by the solid state sintering of mechanically mixed powders [4] .
The CuCrl-Cr and CuZrI-Crcomposites were joined with austenitic steel, the 6061Al-Al203 composite with the 606lAl alloy, and the CUW composite with copper of 99.99% purity. The material pairs were chosen so as to take into account their possible applications.
All the joined materials were prepared in the form of tablets IOmm in diameter and 2 mm thick.
1
JOINING THE COMPOSITES
The composites were joined with the materials mentioned above using the two techniques: vacuum brazing and diffusion bonding.
VACUUM BRAZING
The CuZrl-Cr and CuCrl-Cf composites were joined with austenitic steel, and the CuW composite with pure copper (99.99%). The materials were brazed using the active braze with the composition: (by weight) 72.5% Ag, 19.5% Cu, 5% In, 3% Ti. The 6061Al-Al203 composite was brazed with the 6061Al alloy using the braze of the composition: (by weight) 92% Pb, 5% Sn, 3% Ag. The schematic illustrations of the brazing processes are shown in Fig.2 .
DIFFUSION BONDING
The material pairs to be joined were the same as those subjected to brazing. The schematic illustrations of the processes are shown in Fig.2 .
The mechanical properties of all the joints obtained were good. A thorough analysis of the microstructure of the composites before and after the joining process has shown that the distnbution of the reinforcing phase in the vicinity of the joint differs from that observed in the matrix. Because the analysis was comparative (we wished to compare the near-joint region of the composite after the joining process with the starting composite material), the structural estimate was based on the coefficient of the relative content of the reinforcing material (RCRM) defined as: RCRM = XIB [0.1], where: X is the percent content of the reinforcing phase in the near-joint region of the composite after joining, and B is the percent content of the reinforcing phase in the starting composite material In the starting composite, we analysed 180 observation fields distributed within the central 5x5 mm square, using an optical microscope (with Nomarski's contrast) at a magnification of 300x. In the as-joined composite, the average number of the observation fields analysed was 133; the fields formed a 9.5x1.9 mm rectangle covered with a raster [19x7] constructed of the observation fields sized at 0.5xO.275 mm each.The data -the RCRM as a function of position (y,z) within the composite were analysed using the STATISTICA VA.3. computer program; the match planes were drawn by the least square method. A quantitative analysis of the specimens was made using a Videoplan 2A TV image analyser (OPTON).
The results obtained are shown in Fig.3.and Fig 4. In the CuZrl-C[composite diffusion bonded with austenitic steel, the content of the fibrous phase appeared to be markedly reduced compared with its content in the starting material (Fig.3a) . In CuW brazed with copper, the composite was depleted of tungsten in the vicinity of the joint (Fig.3b) . In the other composites, the verged RCRM distributions were uniform (Fig.3c) 
